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A B S T R A C T

Objective: Improper use and poor understanding of asthma medications can lead to poorly controlled asthma,
emergency department visits, and hospitalizations for children with asthma. Pharmacists play a critical role in
improving asthma medication adherence through education on asthma self-management. The use of color-coded
labels applied at pharmacies to help patients differentiate between rescue and maintenance inhalers has not been
explored.
Methods: Pharmacies were recruited to join a community pharmacy asthma coalition. Pharmacists provided
patient education and labeled inhalers with two types of color-coded stickers. A red sticker labeled “RESCUE”
was used for short-acting β-2 agonist medication inhalers. A green sticker labeled “USE EVERY DAY” was used for
inhaled corticosteroids (ICS) or combination ICS/long-acting β-2 agonist medication inhalers.
Results: During the two years of the pilot program, 25 pharmacy locations participated. Pharmacies labeled over
6000 rescue and 9000 controller medications using color-coded labels. Over 1000 children and 7000 adults were
served by the coalition.
Conclusion: Color-coded asthma medication labels can be successfully utilized by pharmacies. This low-cost tool
provides vital information regarding the proper use of asthma medications.
Innovation: The color-coded labeling of asthma medications is a novel innovation that can be successfully used by
pharmacists to improve asthma self-management education.

1. Introduction

Asthma is a leading chronic disease in pediatric patients, affecting
more than 5 million children in the United States [1], at an estimated
cost of over $80 billion each year [2]. It is one of the primary causes of
hospitalization [3], resulting in missed school days for children and
adolescents and missed days at work for caregivers [4,5]. A cornerstone
of current asthma management is the use of inhaled asthma medications
[6]. Inhaled medications for pediatric asthma are divided into two cat-
egories: quick-relievers, primarily consisting of short-acting β-2 agonists
(SABA) and controllers, consisting of inhaled corticosteroids (ICS) with
or without concomitant use of long-acting β-2 agonists (LABA) [6].

Health care providers caring for patients with asthma encounter

barriers in providing high-quality asthma care, including inadequate
patient asthma education and self-management skills. It is well estab-
lished that low adherence to medications is a main factor contributing to
uncontrolled asthma [6-10]. Studies indicate that up to 30–70% of pa-
tients prescribed asthma medications have chronic or episodic medica-
tion nonadherence [11-14].

To promote adherence to treatment, patients and caregivers must
understand the distinct categories of asthma inhaler medications with
specific uses in asthma management. Patients may not adhere to asthma
therapy as prescribed due to misunderstanding of each medication’s
purpose [15]. Pharmacies label inhaler boxes with instructions on
dosage and clinical usage per prescription, but these boxes are easily
discarded and may not be referred to again. Furthermore, once removed
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from the manufacturer’s packaging, inhaled asthmamedications usually
only detail drug names, ingredients, and safety information but do not
include directions for use.

Gaps in patients’ understanding of their asthma medications lead to
confusion regarding when a particular medication should be adminis-
tered [16-19]. Patients and caregivers may erroneously use their rescue
inhaler daily or use their controller medication during an acute exac-
erbation, only for their asthma symptoms to worsen [20-22]. Asthma
medication nonadherence leads to poor health outcomes, lowers pa-
tients’ well-being, and increases healthcare costs [13,14,20,21,23].
Conversely, taking medications as prescribed and participating in
asthma self-management education services results in better asthma
control [14,23-25].

Asthma self-management education is a fundamental component of
asthma management that is recommended in current asthma guidelines
[6,10]. Asthma education includes the provision of information about
asthma medications and use of inhalers, prevention of symptoms and
exacerbations, monitoring and control of asthma, regular medical re-
view, and a written asthma action plan (AAP) [6,10,26-28]. Providing a
written AAP has been shown to lead to improved outcomes such as
increased patient adherence to ICS and asthma control, reduced emer-
gency department (ED) visits, unscheduled doctor visits, and days
missed from work and school due to asthma [26,29,30]. However, only
approximately half of children with asthma in the United States have a
written AAP [31]. Furthermore, many primary care providers face
barriers to providing clinic-based asthma education, such as demands on
time and lack of trained support staff to deliver educational services
[25,32].

Partnerships with pharmacists may help bridge these asthma care
gaps in the primary care setting. Pharmacists can help by promoting
medication adherence and providing asthma self-management educa-
tion to supplement the care received in the primary care setting [28,33-
39]. Pharmacists’ interventions in asthma management may include
pharmaceutical counseling (PC) about drug information, as well as the
provision of educational materials and written AAPs [28,40]. Pharma-
ceutical counseling interventions can improve asthma control, lung
function, and medication adherence while reducing use of SABA and
biologic medications, as well as decreasing ED visits, hospitalizations,
and school absenteeism [14,36,37,39,41].

Asthma inhaler labels are a specific category of PC interventions that
have not been well studied. Inhaler technique labels provided by phar-
macists have been shown to improve retention of correct inhaler tech-
nique skills with dry powder inhalers [42]. These labels for asthma
inhalers can also help improve adherence of asthma medications and
have been successfully used in the primary care setting [25,43]. The use
of color-coded labels for asthma inhalers applied by pharmacists is a
novel intervention not described in the literature.

Previous studies have shown that community asthma coalitions can
successfully achieve asthma policy and systems changes to improve
health outcomes [23,44,45]. The goal of this pilot project was to assess
the feasibility of labeling asthma inhaler medications at local and
regional pharmacies.

2. Methods

2.1. Participants

In 2018, the Albany Medical Center Children’s Environmental
Health Center, part of the New York State Children’s Environmental
Health Centers (NYSCEHC) [46], with the help of a regional managed
care organization, Capital District Physicians’ Health Plan (CDPHP),
formed a community pharmacy asthma coalition (CPAC) consisting of
stakeholders from local, regional, and national chain pharmacies in the
geographic region along with other community organizations, including
the Albany College of Pharmacy and Health Sciences.

The procedures for labeling asthma inhalers were carefully reviewed

by the applicable pharmacy review boards of the coalition partners
before participating in the labeling efforts. Pharmacies voluntarily
participated in the coalition and did not receive any financial incentives
other than coalition supplies (e.g., labels, educational materials, and
posters), which were supplied free of charge. No business or legal
agreements were made between Albany Medical Center and coalition
partners. The Albany Medical Center Institutional Review Board
approved this pilot project. The CPAC implemented labeling efforts in
the region over a two-year period, from 2019 to 2020. Owing to the
impact of the COVID-19 pandemic, the coalition disbanded in early
2021.

2.2. Intervention

Participating pharmacies agreed to dispense inhaled asthma medi-
cations labeled with two types of color-coded stickers with the goal of
improving asthma self-management education. A red sticker, labeled
“RESCUE,” was used for all SABA medication inhalers. A green sticker,
labeled “USE EVERY DAY,” was used for all ICS and ICS/LABA medi-
cation inhalers designated as controllers. The color and text for each
label were chosen using inputs from pharmacists, physicians, and
consensus from coalition members during the initial planning meetings
in 2018. Pharmacists attempted to affix the label directly to each inhaler
medication. If customers preferred an unlabeled inhaler, pharmacies
were instructed to attach a color label to the inhaler box. Participating
pharmacies developed their own systems for labeling or utilized avail-
able guidance from the coalition for suggested, medication-specific la-
beling. A pharmacy student intern created a guide for labeling various
asthma medications for pharmacists which was distributed to the
participating pharmacy members (Supplement). The low cost per label
was maintained by purchasing labels in bulk quantities from a local
packaging supply company. The approximate total cost for all inhaler
labels used by pharmacies during this two-year period was $300.

During the initial coalition formation meetings, pharmacies also
expressed a desire to deliver written asthma self-management education
to patients. Participating pharmacies agreed to provide written AAPs,
educational handouts, and display asthma educational posters in the
pharmacy. The number of written AAPs provided by pharmacies was
used as a second process measure for the pilot.

2.3. Data collection and analysis

A coalition champion from each participating pharmacy served as
the primary contact for their organization. Monthly in-person coalition
meetings were conducted after several initial planning meetings. The
coalition coordinator emailed a survey link to each participating phar-
macy quarterly using the Qualtrics survey platform. Each survey
included several questions regarding pharmacy asthma self-
management education and inhaler labeling process measures, such as
the number of written AAPs provided, number of controller and rescue
medications labeled, and number of unique patients served by the
pharmacy, delineated by age (children, 0–17 years, and adults, 18 years
and older). Individual patients were counted once but their medication
(s) could be counted multiple times, as the labeling efforts were our
primary process measure of interest. Participating pharmacies utilized
their own internal methods for tracking these measures; the coalition
champion from each pharmacy was responsible for ensuring that re-
ported data was accurate. No further methods of data tracking were
utilized as no formal business agreements were made between the
project team’s institution and coalition members. Each quarterly survey
included two qualitative questions designed to elicit feedback from
pharmacy customers and staff. The first question was, “Please describe
the patient compliments, suggestions, or success stories in more detail.” The
second question was, “Do the pharmacists or staff at your location have any
suggestions to improve this program?” Owing to coalition pharmacy con-
cerns about reporting safety events outside their respective
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organizations, no questions about inhaler labeling safety-related events
were included in the quarterly survey. All data were exported from
Qualtrics and tabulated in Microsoft Excel. Descriptive data analysis was
used to determine the success of coalition labeling efforts.

3. Results

At the start of the pilot, 21 regional pharmacies agreed to participate.
Four additional pharmacies were added over the two-year pilot program
for a total of 25 participating outpatient pharmacies. Approximately 14
000 AAPs were distributed. Pharmacies labeled over 9000 controller
medications and over 6000 rescue medications using color-coded
stickers (Table 1). Over 1000 individual children and 7000 adults
were served by the coalition. There was an increase in both the number
of controllers and rescue inhalers labeled in quarters 1 and 2 of 2019.
There was a gap in the reported data for quarters 3 and 4 of 2019.
Coinciding with the emerging COVID-19 pandemic, coalition labeling
efforts showed a decreasing trend throughout 2020.

4. Discussion and conclusion

4.1. Discussion

This pilot project demonstrated the feasibility and challenges of
creating and sustaining a pharmacy coalition to improve asthma self-
management education and inhaler labeling services for patients.
Although primarily intended to target the pediatric population, the
participating pharmacies served a greater number of adults with asthma
in this geographic region. This information would be informative for
those interested in targeting adult patients with asthma. As our survey
tool did not delineate the age distribution of these adult patients, we
were unable to determine the percentage of younger adult patients
(18–21 years) with asthma. The project was also primarily focused on
improving select process measures, principally providing asthma self-
management education and labeling asthma inhalers, and was not
designed to study other outcome measures, such as improved asthma
quality of life measures, ED visit rates, and/or hospitalizations for
asthma.

Pharmacists can play a key role in providing self-management edu-
cation for patients with asthma, as demonstrated by the number of
written AAPs provided and the number of inhalers labeled during this
two-year project. Health care providers should be aware of potential
financial incentives for pharmacists that may facilitate collaborative
efforts to improve asthma self-management education services in com-
munity settings. Similar to the value-based incentives for asthma care in
the primary care setting (e.g., asthma medication ratio or AMR), phar-
macists may be eligible for managed-care organizational value-based
incentives for asthma. Pharmacists may also be interested in promot-
ing services that deliver value to patients. One such example is phar-
macist billing for medication therapy management (MTM), a term used
to describe a broad range of health care services provided by pharma-
cists [23,47,48]. Pharmacy MTM services for asthma can be further
enhanced through effective collaboration with health care providers.

It is also important to note that the coalition’s labels were created in
2018, prior to the 2020 focused update to the National Asthma Educa-
tion and Prevention Program (NAEPP) Guidelines [49]. This is signifi-
cant because, in addition to SABA and ICS medications, a newer
category of medication, known as single maintenance and reliever
therapy (SMART orMART), has been increasingly recognized as a highly
effective category of medication for patients with asthma [49]. During
the pilot’s time, the NAEPP guidelines had not yet recommended
SMART and, as such, the coalition did not implement SMART-specific
labels.

This project had several limitations that impacted the work of the
CPAC. One of the challenges of this two-year project was achieving
consistent project coordination. The designated coalition coordinator
role was transitioned several times from the initial coordinator at the
managed care organization, to the College of Pharmacy, and, finally, to
an asthma nurse coordinator at Albany Medical Center. While attempts
were made to minimize the impact of changing coalition leadership, this
had a negative impact on the consistent collection of data from
participating pharmacies.

There were several limitations to the data collection from the coa-
lition. Several coalition participants did not provide data and the extent
of labeling efforts at those locations was uncertain. Although considered
as coalition members, these pharmacies were not included in our results.
Another limitation was inconsistent pharmacy reporting. Despite tele-
phone and email requests from the data collection team, there was a gap
in quarter 3 of 2019, where no pharmacies submitted data. There was
also an unexplained decrease in quarter 4 of 2019, where very few in-
halers were labeled. We were unable to obtain informative feedback
from pharmacies as to why this occurred during these quarters. Our
Qualtrics survey did not include detailed pharmacy process measures,
such as the total number of unique patients or asthma medications filled
per quarter to use as a denominator, or whether each pharmacy used the
number of dispensed inhalers that were labeled, or the number of
stickers used, to quantify the number of inhalers that were labeled. We
were unable to verify whether the written AAPs provided by the phar-
macies were reviewed by the patients’ primary care provider. Another
considerable limitation is whether each patient had asthma medications
filled at more than one pharmacy, which may have resulted in multiple
written AAPs being provided by more than one pharmacy location, or
multiple AAPs that contain slightly different instructions.

Our Qualtrics survey also did not include information on whether
pharmacies ever provided extra or unaffixed stickers to patients to label
at home. This is a potential safety concern as certain asthma inhalers
have similar colors (e.g., ProAir® and Symbicort®). However, to our
knowledge, this issue did not occur during the time of the coalition’s
activities, as pharmacies were instructed to affix the label in the store
and not send them home with patients to apply.

Finally, and perhaps most importantly, the COVID-19 pandemic
began two years into the coalition’s work. Healthcare systems in the
region saw a significant decrease in asthma exacerbations and overall
healthcare utilization [50-52]. Coinciding with the emerging COVID-19
pandemic, there was an overall decrease in labeled asthma medications
in 2020. Several possible contributing factors were identified through

Table 1
Summary data.

Year # Reporting Pharmacies
(each quarter)

Controller Inhalers Labeled Rescue Inhalers Labeled Written AAPs Provided Number of
Children Served

Number of Adults Served

2019-Q1 14 793 612 1022 149 1017
2019-Q2 14 2505 1788 3102 296 1938
2019-Q3 0 – – – – –
2019-Q4 1 55 53 – 105 3
2020-Q1 13 2361 1930 3291 245 2009
2020-Q2 14 1232 964 2764 81 851
2020-Q3 5 1177 967 2741 93 762
2020-Q4 5 1094 472 1083 93 1025
Total 9217 6786 14 003 1062 7605

L.C. Dikranian et al.



PEC Innovation 5 (2024) 100330

4

personal communication with the partners. First, one regional chain
pharmacy scaled its labeling back from 12 to 4 pharmacy locations in
quarter 3 of 2020 to focus on the quality of the labeling process. Second,
several pharmacy partners reported having stopped placing the stickers
on inhaler medications in 2020 because of patient concerns for COVID-
19 and complaints of “open and contaminated” medication packages.
Third, one independent community pharmacy was closed permanently.
Additionally, the coalition partners reported that many patients and
their caregivers were not filling their asthma medications out of fear of
being exposed to COVID-19 while receiving care at pharmacies. Lastly,
during the beginning of the COVID-19 pandemic, many school-age
children with asthma experienced pandemic-related changes, such as
mandatory mask wearing and remote learning, with associated de-
creases in asthma exacerbations and need for medications [50,51].

Future endeavors for the coalition may include expanding partici-
pation with additional pharmacies in the region, educating pharmacists
on the use of SMART therapy, and ensuring that pharmacy-provided
written AAPs are reviewed by the primary care provider. In addition,
the coalition identified the need to survey caregivers and patients with
asthma about their inhaler labeling preferences to inform future efforts.

4.2. Innovation

This pilot demonstrates the feasibility of an innovative approach to
improving asthma education and self-management through the provi-
sion of color-coded stickers on inhalers distributed at pharmacies. This
low-cost intervention may be successfully implemented at community
pharmacies to help improve education for patients with asthma.

Additionally, this pilot demonstrates ways in which a community
pharmacy asthma coalition can augment asthmamanagement outside of
the primary care setting. The establishment of this coalition as a
collaborative force for partnering with pharmacies to provide asthma
educational interventions demonstrates an innovative approach to the
challenge of delivering outpatient asthma education for children and
caregivers.

4.3. Conclusion

Pharmacists play a key role in asthma care and management. Com-
munity pharmacy asthma coalitions can improve asthma self-
management education using written AAPs and color-coded labeling
of asthma inhalers. These low-cost tools provide patients and caregivers
with vital information regarding the proper use of their inhaled asthma
medications. Health care providers can play a key role in building and
sustaining coalitions with pharmacies to promote better asthma care.
Further studies are warranted to determine the impact of color-coded
asthma medication labels on asthma outcomes, including school
absenteeism, ED visits, and hospitalization rates.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.pecinn.2024.100330.

Funding/Support

This project was funded by Capital District Physicians’ Health Plan
and New York State Children’s Environmental Health Centers.

Role of funder/Sponsor (if any)

Capital District Physicians’ Health Plan contributed funding for the
purchase of initial supplies. New York State Children’s Environmental
Health Centers contributed grant support for Dr. de Waal Malefyt.

CRediT authorship contribution statement

Lea C. Dikranian: Writing – review & editing, Writing – original
draft, Project administration, Conceptualization. D. Elizabeth Irish:

Writing – review & editing, Writing – original draft, Software, Re-
sources. Kathleen E. Shanley: Methodology, Investigation. Don R.
Walker:Methodology, Investigation, Conceptualization. Stephen K. de
Waal Malefyt: Writing – review & editing, Writing – original draft,
Supervision, Project administration, Investigation, Funding acquisition,
Data curation, Conceptualization.

Declaration of generative AI and AI-assisted technologies in the
writing process

During the preparation of this work the authors used ChatGPT to
improve grammar and readability of select portions of the manuscript
which had already been written by the authors. After using this tool/
service, the authors, reviewed and edited the content as needed and take
full responsibility for the content of the publication.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors acknowledge the coalition partners, individuals, and
organizations for their participation in this project.

Special thanks to Dr. Melinda Clark, Dr. Nadia Solomon, and Sue
Lahey for their critical review of this manuscript.

References

[1] National Health Interview Survey (NHIS) Data. Centers for Disease Control and
Prevention. Accessed November 18, https://www.cdc.gov/asthma/nhis/2018/tab
le3-1.htm; 2020.

[2] Nurmagambetov T, Kuwahara R, Garbe P. The economic burden of asthma in the
United States, 2008-2013. Ann Am Thorac Soc 2018;15(3):348–56. https://doi.
org/10.1513/AnnalsATS.201703-259OC.

[3] Pelletier JH, Rakkar J, Au AK, Fuhrman D, Clark RSB, Horvat CM. Trends in US
pediatric hospital admissions in 2020 compared with the decade before the COVID-
19 pandemic. JAMA Netw Open 2021;4(2). https://doi.org/10.1001/
jamanetworkopen.2020.37227. e2037227-e2037227.

[4] Cicutto L, Gleason M, Haas-Howard C, et al. Building bridges for asthma care
program: a school-centered program connecting schools, families, and community
health-care providers. J Sch Nurs 2020;36(3):168–80. https://doi.org/10.1177/
1059840518805824.

[5] Johnson SB, Spin P, Connolly F, Stein M, Cheng TL, Connor K. Asthma and
attendance in urban schools. Prev Chronic Dis 2019;16:E148. https://doi.org/
10.5888/pcd16.190074.

[6] National Heart, Lung, and Blood Institute. National Asthma Education Program.
Expert panel on the management of asthma. Expert panel report 3 (EPR-3):
guidelines for the diagnosis and management of asthma-summary report 2007.
J Allergy Clin Immunol 2007;120(5 Suppl):S94–138. https://doi.org/10.1016/j.
jaci.2007.09.029.

[7] Beck AF, Bradley CL, Huang B, Simmons JM, Heaton PC, Kahn RS. The pharmacy-
level asthma medication ratio and population health. Pediatrics 2015;135(6):
1009–17. https://doi.org/10.1542/peds.2014-3796.

[8] Difficult-To-Treat & Severe Asthma in Adolescent and Adult Patients. Global
Initiative for Asthma. Accessed March 11, 2023, https://ginasthma.org/wp-c
ontent/uploads/2021/08/SA-Pocket-guide-v3.0-SCREEN-WMS.pdf; 2023.

[9] Kim Y, Parrish KM, Pirritano M, Moonie S. A higher asthma medication ratio
(AMR) predicts a decrease in ED visits among African American and Hispanic
children. J Asthma 2022:1–10. https://doi.org/10.1080/02770903.2022.2155183.

[10] Reddel HK, Bacharier LB, Bateman ED, et al. Global initiative for asthma strategy
2021: executive summary and rationale for key changes. Eur Respir J 2022;59(1).
https://doi.org/10.1183/13993003.02730-2021.

[11] Cazzoletti L, Marcon A, Janson C, et al. Asthma control in Europe: a real-world
evaluation based on an international population-based study. J Allergy Clin
Immunol 2007;120(6):1360–7. https://doi.org/10.1016/j.jaci.2007.09.019.

[12] Engelkes M, Janssens HM, de Jongste JC, Sturkenboom MC, Verhamme KM.
Prescription patterns, adherence and characteristics of non-adherence in children
with asthma in primary care. Pediatr Allergy Immunol 2016;27(2):201–8. https://
doi.org/10.1111/pai.12507.

[13] Dekhuijzen R, Lavorini F, Usmani OS, van Boven JFM. Addressing the impact and
unmet needs of nonadherence in asthma and chronic obstructive pulmonary
disease: where do we go from here? J Allergy Clin Immunol Pract 2018;6(3):
785–93. https://doi.org/10.1016/j.jaip.2017.11.027.

L.C. Dikranian et al.

https://doi.org/10.1016/j.pecinn.2024.100330
https://doi.org/10.1016/j.pecinn.2024.100330
https://www.cdc.gov/asthma/nhis/2018/table3-1.htm
https://www.cdc.gov/asthma/nhis/2018/table3-1.htm
https://doi.org/10.1513/AnnalsATS.201703-259OC
https://doi.org/10.1513/AnnalsATS.201703-259OC
https://doi.org/10.1001/jamanetworkopen.2020.37227
https://doi.org/10.1001/jamanetworkopen.2020.37227
https://doi.org/10.1177/1059840518805824
https://doi.org/10.1177/1059840518805824
https://doi.org/10.5888/pcd16.190074
https://doi.org/10.5888/pcd16.190074
https://doi.org/10.1016/j.jaci.2007.09.029
https://doi.org/10.1016/j.jaci.2007.09.029
https://doi.org/10.1542/peds.2014-3796
https://ginasthma.org/wp-content/uploads/2021/08/SA-Pocket-guide-v3.0-SCREEN-WMS.pdf
https://ginasthma.org/wp-content/uploads/2021/08/SA-Pocket-guide-v3.0-SCREEN-WMS.pdf
https://doi.org/10.1080/02770903.2022.2155183
https://doi.org/10.1183/13993003.02730-2021
https://doi.org/10.1016/j.jaci.2007.09.019
https://doi.org/10.1111/pai.12507
https://doi.org/10.1111/pai.12507
https://doi.org/10.1016/j.jaip.2017.11.027


PEC Innovation 5 (2024) 100330

5

[14] Paoletti G, Keber E, Heffler E, et al. Effect of an educational intervention delivered
by pharmacists on adherence to treatment, disease control and lung function in
patients with asthma. Respir Med 2020;174:106199. https://doi.org/10.1016/j.
rmed.2020.106199.

[15] Frey SM, Fernandez ID, Ossip DJ, Halterman JS. Medication identification in
pediatric asthma (MED ID): the reliability and validity of a novel screening tool.
J Asthma 2018;55(2):124–31. https://doi.org/10.1080/02770903.2016.1258078.

[16] Horn CR, Cochrane GM. Colour coding for bronchodilator inhalers. Lancet 1986;1
(8473):165. https://doi.org/10.1016/S0140-6736(86)92308-1.

[17] Jayakrishnan B, Al-Rawas OA. Asthma inhalers and colour coding: universal dots.
Br J Gen Pract 2010;60(578):690–1. https://doi.org/10.3399/bjgp10X515449.

[18] Greene JA, Kesselheim AS. Why do the same drugs look different? Pills, trade dress,
and public health. N Engl J Med 2011;365(1):83–9. https://doi.org/10.1056/
NEJMhle1101722.

[19] Yin HS, Gupta RS, Tomopoulos S, et al. A low-literacy asthma action plan to
improve provider asthma counseling: a randomized study. Pediatrics 2016;137(1):
e20150468. https://doi.org/10.1542/peds.2015-0468.

[20] Bokhour BG, Cohn ES, Cortés DE, et al. Patterns of concordance and non-
concordance with clinician recommendations and parents’ explanatory models in
children with asthma. Patient Educ Couns 2008;70(3):376–85. https://doi.org/
10.1016/j.pec.2007.11.007.

[21] Al-Muhsen S, Horanieh N, Dulgom S, et al. Poor asthma education and medication
compliance are associated with increased emergency department visits by
asthmatic children. Ann Thorac Med 2015;10(2):123–31. https://doi.org/
10.4103/1817-1737.150735.

[22] Pappalardo AA, Karavolos K, Martin MA. What really happens in the home: the
medication environment of urban, minority youth. J Allergy Clin Immunol Pract
2017;5(3):764–70. https://doi.org/10.1016/j.jaip.2016.09.046.

[23] Bunting BA, Cranor CW. The Asheville project: long-term clinical, humanistic, and
economic outcomes of a community-based medication therapy management
program for asthma. J Am Pharm Assoc (2003) 2006;46(2):133–47. https://doi.
org/10.1331/154434506776180658.

[24] Senna G, Caminati M, Bovo C, Canonica GW, Passalacqua G. The role of the
pharmacy in the management of bronchial asthma: a literature-based evaluation.
Ann Allergy Asthma Immunol 2017;118(2):161–5. https://doi.org/10.1016/j.
anai.2016.10.019.

[25] Frey SM, Contento NC, Halterman JS. Nurse-delivered outpatient asthma education
for children and caregivers: a pilot study to promote shared asthma management.
J Asthma 2021;58(3):413–21. https://doi.org/10.1080/02770903.2019.1692028.

[26] McDonald VM, Gibson PG. Asthma self-management education. Chron Respir Dis
2006;3(1):29–37. https://doi.org/10.1191/1479972306cd090ra.

[27] Adams JY, Sutter ME, Albertson TE. The patient with asthma in the emergency
department. Clin Rev Allergy Immunol 2012;43(1–2):14–29. https://doi.org/
10.1007/s12016-011-8273-z.

[28] Bridgeman MB, Wilken LA. Essential role of pharmacists in asthma care and
management. J Pharm Pract 2021;34(1):149–62. https://doi.org/10.1177/
0897190020927274.

[29] Ducharme FM, Zemek RL, Chalut D, et al. Written action plan in pediatric
emergency room improves asthma prescribing, adherence, and control. Am J
Respir Crit Care Med 2011;183(2):195–203. https://doi.org/10.1164/
rccm.201001-0115OC.

[30] Pletta KH, Kerr BR, Eickhoff JC, Allen GS, Jain SR, Moreno MA. Pediatric asthma
action plans: national cross-sectional online survey of parents’ perceptions. JMIR
Pediatr Parent 2020;3(2):e21863. https://doi.org/10.2196/21863.

[31] Zahran HS, Bailey CM, Damon SA, Garbe PL, Breysse PN. Vital signs: asthma in
children - United States, 2001-2016. MMWR Morb Mortal Wkly Rep 2018;67(5):
149–55. https://doi.org/10.15585/mmwr.mm6705e1.

[32] Cabana MD, Rand CS, Becher OJ, Rubin HR. Reasons for pediatrician
nonadherence to asthma guidelines. Arch Pediatr Adolesc Med 2001;155(9):
1057–62. https://doi.org/10.1001/archpedi.155.9.1057.

[33] Armour C, Bosnic-Anticevich S, Brillant M, et al. Pharmacy asthma care program
(PACP) improves outcomes for patients in the community. Thorax 2007;62(6):
496–502. https://doi.org/10.1136/thx.2006.064709.

[34] Benavides S, Rodriguez JC, Maniscalco-Feichtl M. Pharmacist involvement in
improving asthma outcomes in various healthcare settings: 1997 to present. Ann
Pharmacother 2009;43(1):85–97. https://doi.org/10.1345/aph.1K612.

[35] Bereznicki BJ, Peterson G, Jackson S, et al. Uptake and effectiveness of a
community pharmacy intervention programme to improve asthma management.
J Clin Pharm Ther 2013;38(3):212–8. https://doi.org/10.1111/jcpt.12017.

[36] Ali A, Pena SG, Huggins C, Lugo F, Khaja M, Diaz-Fuentes G. Impact of group
asthma education on asthma control and emergency room visits in an underserved
New York community. Can Respir J 2019;2019:5165189. https://doi.org/
10.1155/2019/5165189.

[37] Khdour MR, Elyan SO, Hallak HO, Jarab AS, Mukattash TL, Astal A.
Pharmaceutical care for adult asthma patients: a controlled intervention one-year
follow-up study. Basic Clin Pharmacol Toxicol 2020;126(4):332–40. https://doi.
org/10.1111/bcpt.13344.

[38] Newman TV, San-Juan-Rodriguez A, Parekh N, et al. Impact of community
pharmacist-led interventions in chronic disease management on clinical,
utilization, and economic outcomes: an umbrella review. Res Social Adm Pharm
2020;16(9):1155–65. https://doi.org/10.1016/j.sapharm.2019.12.016.

[39] O’Dwyer S, Greene G, MacHale E, et al. Personalized biofeedback on inhaler
adherence and technique by community pharmacists: a cluster randomized clinical
trial. J Allergy Clin Immunol Pract 2020;8(2):635–44. https://doi.org/10.1016/j.
jaip.2019.09.008.

[40] Crespo-Gonzalez C, Fernandez-Llimos F, Rotta I, Correr CJ, Benrimoj SI, Garcia-
Cardenas V. Characterization of pharmacists’ interventions in asthma
management: a systematic review. J Am Pharm Assoc (2003) 2018;58(2):210–9.
https://doi.org/10.1016/j.japh.2017.12.009.

[41] Putman B, Coucke L, Vanoverschelde A, Mehuys E, Lahousse L. Community
pharmacist counseling improves adherence and asthma control: a nationwide
study. BMC Health Serv Res 2022;22(1):112. https://doi.org/10.1186/s12913-
022-07518-0.

[42] Basheti IA, Obeidat NM, Reddel HK. Effect of novel inhaler technique reminder
labels on the retention of inhaler technique skills in asthma: a single-blind
randomized controlled trial. NPJ Prim Care Respir Med 2017;27(1):9. https://doi.
org/10.1038/s41533-017-0011-4.

[43] Tsou P, Ronayne J, Kumar H. Pediatric asthma patients and providers prefer color-
coded labeling of metered eose inhalers (MDIs). In: Abstract Presented at:
American Thoracic Society 2016 International Conference; May 13–18; 2016. San
Francisco, CA. Accessed March 11, 2023, https://www.atsjournals.org/doi/abs/
10.1164/ajrccm-conference.2016.193.1_MeetingAbstracts.A3799.

[44] Clark NM, Lachance L, Doctor LJ, et al. Policy and system change and community
coalitions: outcomes from allies against asthma. Am J Public Health 2010;100(5):
904–12. https://doi.org/10.2105/AJPH.2009.180869.

[45] Laufenberg-Horstmann E, DeVore E, Bassuener K. The coulee region community
pharmacy asthma intervention study. J Am Pharm Assoc (2003) 2006;46(6):
738–46. https://doi.org/10.2105/AJPH.2009.180869.

[46] Galvez M, Collins G, Amler RW, et al. Building New York state centers of excellence
in children’s environmental health: a replicable model in a time of uncertainty. Am
J Public Health 2019;109(1):108–12. https://doi.org/10.2105/
AJPH.2018.304742.

[47] Medication Therapy Management (MTM) Services. American Pharmacists
Association. Accessed March 14, https://pharmacist.com/Practice/Patient-Care-Se
rvices/Medication-Management; 2023.

[48] Barnett MJ, Frank J, Wehring H, et al. Analysis of pharmacist-provided medication
therapy management (MTM) services in community pharmacies over 7 years.
J Manag Care Pharm 2009;15(1):18–31. https://doi.org/10.18553/
jmcp.2009.15.1.18.

[49] Cloutier MM, Baptist AP, Blake KV, et al. 2020 focused updates to the asthma
management guidelines: a report from the National Asthma Education and
prevention program coordinating committee expert panel working group. J Allergy
Clin Immunol 2020;146(6):1217–70. https://doi.org/10.18553/
jmcp.2009.15.1.18.

[50] Liang T, Chamdawala HS, Tay ET, et al. Pediatric emergency care in new York City
during the COVID-19 pandemic shutdown and reopening periods. Am J Emerg Med
2022;56:137–44. https://doi.org/10.1016/j.ajem.2022.03.049.

[51] Moore WC, Ledford DK, Carstens DD, Ambrose CS. Impact of the COVID-19
pandemic on incidence of asthma exacerbations and hospitalizations in US
subspecialist-treated patients with severe asthma: results from the CHRONICLE
study. J Asthma Allerg 2022;15:1195–203. https://doi.org/10.2147/JAA.
S363217.

[52] O’Leary ST, Cataldi J, Lindley MC, et al. US primary care providers’ experiences
and practices related to routine pediatric vaccination during the COVID-19
pandemic. Acad Pediatr 2022;22(4):559–63. https://doi.org/10.1016/j.
acap.2021.10.005.

L.C. Dikranian et al.

https://doi.org/10.1016/j.rmed.2020.106199
https://doi.org/10.1016/j.rmed.2020.106199
https://doi.org/10.1080/02770903.2016.1258078
https://doi.org/10.1016/S0140-6736(86)92308-1
https://doi.org/10.3399/bjgp10X515449
https://doi.org/10.1056/NEJMhle1101722
https://doi.org/10.1056/NEJMhle1101722
https://doi.org/10.1542/peds.2015-0468
https://doi.org/10.1016/j.pec.2007.11.007
https://doi.org/10.1016/j.pec.2007.11.007
https://doi.org/10.4103/1817-1737.150735
https://doi.org/10.4103/1817-1737.150735
https://doi.org/10.1016/j.jaip.2016.09.046
https://doi.org/10.1331/154434506776180658
https://doi.org/10.1331/154434506776180658
https://doi.org/10.1016/j.anai.2016.10.019
https://doi.org/10.1016/j.anai.2016.10.019
https://doi.org/10.1080/02770903.2019.1692028
https://doi.org/10.1191/1479972306cd090ra
https://doi.org/10.1007/s12016-011-8273-z
https://doi.org/10.1007/s12016-011-8273-z
https://doi.org/10.1177/0897190020927274
https://doi.org/10.1177/0897190020927274
https://doi.org/10.1164/rccm.201001-0115OC
https://doi.org/10.1164/rccm.201001-0115OC
https://doi.org/10.2196/21863
https://doi.org/10.15585/mmwr.mm6705e1
https://doi.org/10.1001/archpedi.155.9.1057
https://doi.org/10.1136/thx.2006.064709
https://doi.org/10.1345/aph.1K612
https://doi.org/10.1111/jcpt.12017
https://doi.org/10.1155/2019/5165189
https://doi.org/10.1155/2019/5165189
https://doi.org/10.1111/bcpt.13344
https://doi.org/10.1111/bcpt.13344
https://doi.org/10.1016/j.sapharm.2019.12.016
https://doi.org/10.1016/j.jaip.2019.09.008
https://doi.org/10.1016/j.jaip.2019.09.008
https://doi.org/10.1016/j.japh.2017.12.009
https://doi.org/10.1186/s12913-022-07518-0
https://doi.org/10.1186/s12913-022-07518-0
https://doi.org/10.1038/s41533-017-0011-4
https://doi.org/10.1038/s41533-017-0011-4
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2016.193.1_MeetingAbstracts.A3799
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2016.193.1_MeetingAbstracts.A3799
https://doi.org/10.2105/AJPH.2009.180869
https://doi.org/10.2105/AJPH.2009.180869
https://doi.org/10.2105/AJPH.2018.304742
https://doi.org/10.2105/AJPH.2018.304742
https://pharmacist.com/Practice/Patient-Care-Services/Medication-Management
https://pharmacist.com/Practice/Patient-Care-Services/Medication-Management
https://doi.org/10.18553/jmcp.2009.15.1.18
https://doi.org/10.18553/jmcp.2009.15.1.18
https://doi.org/10.18553/jmcp.2009.15.1.18
https://doi.org/10.18553/jmcp.2009.15.1.18
https://doi.org/10.1016/j.ajem.2022.03.049
https://doi.org/10.2147/JAA.S363217
https://doi.org/10.2147/JAA.S363217
https://doi.org/10.1016/j.acap.2021.10.005
https://doi.org/10.1016/j.acap.2021.10.005

	Improving asthma self-management education through inhaler labeling
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Intervention
	2.3 Data collection and analysis

	3 Results
	4 Discussion and conclusion
	4.1 Discussion
	4.2 Innovation
	4.3 Conclusion

	Funding/Support
	Role of funder/Sponsor (if any)
	CRediT authorship contribution statement
	Declaration of generative AI and AI-assisted technologies in the writing process
	Declaration of competing interest
	Acknowledgments
	References


